Objective To investigate changes in emergency department (ED) transfers for ischemic stroke (IS) and TIA.
Innovations in time-sensitive treatments for stroke have shaped regionalization of stroke care. Telestroke for the remote supervision of tissue plasminogen activator (tPA) administration prior to interfacility transfer is increasingly accepted across the United States to deliver necessary interventions and improve access to specialized neurologic care. 1 ,2 Recent estimates demonstrate that interfacility transfers receiving thrombolytics account for a substantial proportion of stroke patients arriving to primary and comprehensive stroke centers. 3 Even early urgent treatment of TIA has improved stroke prevention. 4 Given the high costs associated with transferring a patient from one hospital to another, 5 striking a balance between cost and need is essential. Understanding factors associated with interhospital transfer among patients with ischemic cerebrovascular disease is needed to build a stroke care system that can economically deliver care, optimize outcomes, and minimize unnecessary costs. 6 Despite focus on regionalization of US stroke care over the last decade, 7 there have been few nationally descriptive or quantitative studies of stroke and TIA interhospital transfers. 3 We hypothesize a substantial increase in transfers for ischemic cerebrovascular disease nationwide in the recent past and sought to investigate temporal changes in transfers using nationwide data from 2006 to 2014.
Methods

Data source
We analyzed data from the Nationwide Emergency Department Sample (NEDS) of the Agency for Healthcare Research and Quality, Healthcare Cost and Utilization Project (HCUP), January 2006-December 2014 (all available years of the dataset). The NEDS is a nationally representative all-payer database of US emergency departments (ED), containing information from 30 million ED visits from 30 states and nearly 950 hospitals annually that approximates a 20% stratified sample of US hospital-based EDs. 8 The universe of hospital-based EDs is therefore defined as all nonfederal, short-term, general, and other specialty hospitals including public hospitals and academic medical centers. The NEDS includes sociodemographic, diagnostic, procedural, and other resource use information. For visits resulting in admission, the dataset connects to an inpatient supplemental file containing inpatient resource utilization information.
HCUP data are de-identified, and therefore, the analysis is exempt from federal regulations for the protection of human research participants, and institutional review board approval was not necessary. The analysis is in compliance with HCUP data use agreement.
Encounter selection
To identify adults (age ≥18 years) with the diagnosis of ischemic stroke (IS) or TIA we used ICD-9 codes 433.X1, 434. X1, and 436 for IS and 435 for TIA. We used codes within the first diagnostic field of the dataset. Per ambulatory ICD-9 guidelines, the first-listed code is for the "diagnosis, condition, problem or other reason for the encounter/visit shown in the medical record to be chiefly responsible for the services provided." Those with missing key variables were excluded. We selected only EDs with at least 5 IS or TIA visits annually, allowing for the calculation of individual ED transfer rates (figure 1).
Outcome measures
Acute care transfers were identified based on disposition to another short-term hospital from the transferring ED. We calculated both nationwide transfer rates and individual ED rates. Transfer rate was defined as the total number of transfers divided by the total number of ED visits including transfers, admissions, and discharges. IS and TIA transfer rates were analyzed separately and combined (denoted IS/TIA). For unique EDs that were randomly sampled in both the first and last year of the study, we examined changes in these individual ED transfer rates over time.
Since there were no individual patient identifiers within the dataset, transfers could only be identified as such at the transferring site (not the receiving site) within this dataset. There was no demarcation of patients received from another facility. Therefore, when estimating nationwide transfer rates (pooling all US ED visits) there is a risk of double-counting interfacility transfers-once as a transfer within the sending ED and a second time as an admission or discharge within the receiving ED. To mitigate the effects of this potential doublecounting, the majority of the analysis was performed at the ED level. For nationwide transfer rates, we used an adjustment calculation to correct for double-counting by subtracting the number of estimated transfers from the rate denominator, similar to methods used previously for hospital administrative datasets. 9 In sensitivity analyses, rates were analyzed (1) without a correction for double-counting and (2) with age standardization using direct standardization methods to account for the aging US population. 10 Patient and hospital characteristics Up to 15 diagnosis and 9 procedural fields were available in the NEDS. We identified comorbidities based on secondary diagnosis codes and calculated a Charlson comorbidity index tailored for stroke outcomes studies. 11 Age, sex, insurance payer, and location of patient's residence were available in the database. Use of IV thrombolysis was determined using ICD-9 procedural code 99.10, 12 which may underestimate thrombolytic administration for stroke. 13, 14 EDs could be individually identified from year to year using a unique HCUP NEDS hospital number. In addition to hospital characteristics included in the NEDS, such as urban/rural location and teaching/nonteaching status, we calculated annual patient volume for IS/TIA. We categorized hospital-level variables into quartiles for the analysis. We also classified EDs as low-income serving (i.e., >75% of patients from low-income areas based on median census income for county of patient residence) or Medicare-serving (i.e., >75% of patients insured by Medicare). We additionally identified hospitals with the availability of neurosurgical procedures, defined as the performance of at least one of the following within any of the inpatient procedural codes for admitted IS/TIA patients: carotid revascularization (ICD-9 code 00.63, 38.12), cerebral angiography (ICD-9 code 88.41), decompressive craniectomy (ICD-9 code 01. 23 
Statistical analysis
Descriptive statistics were used to characterize the changing number and proportion of IS/TIA patients transferred nationwide. HCUP sampling weights and strata were used to obtain nationwide estimates of transferred patients over time. Due to the risk of double-counting transferred patients in the ED of both sending and receiving hospitals when examining nationwide estimations, the primary analysis was performed with the ED as the unit of analysis and individual ED transfer rate as the outcome. Temporal changes were evaluated descriptively, and analyzed over time using a linear test for trends. Differences in transfer rates across categorical and continuous variables were assessed using Student t test, Wilcoxon rank-sum, or χ 2 test where appropriate. We used a fractional logistic multivariable model to evaluate the effects of hospital characteristics and changes in hospital-based ED transfer rates over time. A fractional logistic regression has the benefit of capturing associations when the outcome variable ranges between 0 and 1 (e.g., transfer rate). Hypothesis tests were 2-sided using a 5% significance level with 95% confidence intervals (CIs). Analyses were conducted using STATA version 14.1 (College Station, TX). In sensitivity analyses, eliminating the calculation correcting for double-counting results in a similar increase of transfer rates. In the absence of this correction, the estimated nationwide transfer rates per 100 ED visits for IS/TIA increased from 3.3 (95% CI 2.9-6.7) in 2006 to 7.0 (95% CI 6.7-7.3) in 2014 (figure e-1, links.lww.com/ WNL/A409). Age-standardization of transfer rates results in an increase in point estimation due to younger patients receiving greater weight in direct standardization methods; however, the changes in transfer rates were similar (figure e-2).
Results
Changes in nationwide transfers
Patient characteristics
Compared to nontransferred patients with IS/TIA (i.e., ED admissions and discharges), transferred patients were more often male (50% vs 46%; p < 0.001), younger (mean age 67 vs 71 years; p < 0.001), privately insured (25% vs 20%; p < 0.001), from nonmetropolitan/micropolitan areas (48% vs 16%; p < 0.001), had lower illness severity (mean weighted Charlson score 0.6 vs 1.3; p < 0.001), and were more likely to arrive on the weekend (28% vs 26%; p < 0.001) (table e-1, links.lww.com/WNL/A410). In addition, IS transfers received thrombolysis less often than admitted patients (1.5% vs 5.6%; p < 0.001), with no change in the rate of thrombolysis for IS transfers from 2006 to 2014 (p trend = 0.13).
Hospital characteristics
The database contained 8,110 samplings of ED units across all years. ED characteristics associated with high unadjusted IS/ TIA transfer rates per 100 ED visits include those without neurosurgical procedures (mean 23.3 vs 3.4; without vs with, p < 0.001), low volume (mean 31.8 vs 1.9; 1st vs 4th quartile, p < 0.001), low-income-serving institutions (mean 22.9 vs 12.3; low-income-serving vs other, p < 0.001), Midwest regional location (mean 20.3 vs 11.9; Midwest vs other, p < 0.001), as well as rural (mean 24.9 vs 7.6; rural vs urban, p < 0.001) and nonteaching hospitals (mean 17.2 vs 2.3; nonteaching vs teaching, p < 0.001). Temporal changes in transfer The proportion of EDs in the sample that transferred more than half of IS/TIA patient visits increased from 1.8% (n = 16) in 2006 to 14.5% (n = 128) in 2014 (p < 0.001). Increases in ED transfer rates were greatest for IS, and greatest among rural EDs ( figure 3A ) and those hospitals without the availability of neurosurgical procedures (figure 3B 
Discussion
Our study has at least 3 important new findings. Second, only 1.5% of patients nationwide with a diagnosis of IS who underwent an interhospital transfer received tPA at the transferring site. These figures are comparable to prior estimates of thrombolysis for stroke within rural hospitals, 15, 16 where many transferred patients arrive for their initial care. These estimates are small compared to a prior single comprehensive stroke center study of transferred-in patients, which found over one-quarter of transferred patients received tPA and transferred patients had more disabling strokes. 17 The discrepancy may be explained by the difference between the US national average within an administrative database and the experience of a large comprehensive stroke center using data reported to Get With the Guidelines. While some accepting centers may have efficient means of preventing otherwise unnecessary transfers 18 through well-developed interhospital relationships (e.g., telemedicine or telestroke), 19 these hub-and-spoke connections are likely variable in their deployment.
Third, individual ED transfer rates were highly variable, ranging from no patients transferred to 100% of patients transferred for stroke, and from no patients transferred to ;75% of patients transferred for TIA. Rates were high among rural hospitals, which transferred stroke patients at an average of ;50 per 100 visits and TIA patients at an average of ;20 per 100 visits. Furthermore, rural hospitals were more likely to have large increases in their transfer rates over time. This finding supports that vascular neurology care is highly specialized and urbanized, which may be due to limited access to neurologic specialty or subspecialty expertise or appropriate imaging modalities (e.g., MRI, angiographic imaging) within small volume and rural hospitals. We additionally found a small subset of rural and nonteaching hospitals that are transferring fewer patients. This could be a positive effect from telemedicine or telestroke, 2 or may suggest a small proportion of institutions are gravitating toward greater independence and perhaps seeking stroke center designation.
Interhospital transfers for all neurologic conditions are high relative to other conditions. 20 Our findings may reflect a sense of neurophobia among community hospital providers, which is a well-described phenomenon among medical trainees and may extend into general medical practice. 21, 22 This concept underscores the need for improved relationships between specialized stroke centers and small rural health centers, as well as cross-discipline education, guidance through telestroke and telemedicine networks, and improved strategies to better protocolize and screen for patients requiring higher level of care. 19 These patients may include those receiving thrombolytics, 3 candidates for endovascular intervention with large vessel occlusions, 23, 24 those in need of carotid revascularization, or those at risk for malignant cerebral edema or neurointensive care services.
There are opportunities to improve transfer selection. (1) Hospital-to-hospital TIA transfer rates are high and continue to increase despite evidence to support rapid evaluation outpatient TIA clinics, [25] [26] [27] which could divert TIA transfers. Despite the evidence, performance of rapid evaluation outpatient TIA clinics is not well-understood in the United States and access likely remains limited in rural and many urban areas. (2) Similarly, transfers of small subcortical or lacunar strokes could potentially be avoided if these patients were cared for within spoke hospitals under the guidance of the hub. However, this would ultimately be limited by the availability of cardiac monitoring, MRI, angiographic imaging, and echocardiography. (3) Some have examined tools for early identification of endovascular candidates, 28, 29 as well as those with or without need for neurologic intensive care following tPA. 30 Similar tools could be used for prehospital stroke patient routing or drip and ship candidates, whereby patients with probable large vessel occlusions could be directed by emergency medical services to endovascularcapable centers, 31 and those at low risk who are not endovascular candidates could be transported to the nearest primary stroke center and avoid subsequent transfer. It is unclear how such advancements in prehospital 32 or inhospital triage systems have affected interfacility stroke transfer practices to date.
Improved selection of transfers may come with major financial benefits. Transportation charges from ambulance providers vary from thousands of dollars for ground transportation to tens of thousands of dollars for air transportation, and often, patients bear the costs. 5, 33 Prior studies on the critically ill have found transfers are more costly than front-door patients on average, and cost differences stem from those with the lowest level of disease severity. 34 Therefore, improved patient selection for transfers has the potential to be cost-saving. However, this would need to be balanced with the cost of developing cerebrovascular expertise or telemedicine within low-volume centers. 35 Also, any means to improve efficiency should to be balanced with the need to improve access to specialized, time-sensitive interventions such as thrombectomy.
Our study has several important limitations. Transfers may be dependent on a variety of patient, hospital, regional, or seasonal factors including geography or weather conditions, payer mix, hospital ownership or market competition, hospital resources, stroke center designation, hospital-hospital relationships, disease severity, and patient/family preference. We are unable to account for the full breadth of factors that contribute to a decision to transport a patient with stroke or TIA such as stroke center designations and stroke severity. Our analysis conducted on the hospital level relies on the averaging of patient-related factors over individual emergency departments-whereas stroke severity and other acuity-sensitive factors are likely to vary across different transferring emergency departments. We additionally rely on ICD-9 codes that are subject to error within an administrative dataset. Furthermore, the transferring hospital provided the diagnosis for transferred patients and many community hospitals without neurologic expertise may be subject to more diagnostic error (i.e., stroke mimics) than larger, teaching hospitals with the availability of neurologic expertise. Over the timeframe of the study, the transferring hospital may have had less incentive to accurately code for tPA administration. This may overestimate overall transfer rates, and underestimate overall thrombolysis rates for transferred patients. Finally, this analysis includes data through 2014, which predates the publication of multiple clinical trials supporting the use of mechanical thrombectomy for some acute stroke patients. [36] [37] [38] [39] [40] [41] It is possible that transfer rates have increased in response to these results and as such our results may represent an underestimate of current transfer practices. Our study also has strengths. Our work uses a nationally representative sample with the power to estimate nationwide temporal changes in interfacility transfers for both IS and TIA. This study finds a consistently increasing rate of acute care transfer for stroke and TIA patients, which highlights the importance of further understanding the need, burden, and costs associated with these transfers to optimize patient outcomes and the value of services provided.
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